Abstract: In present study, the effect of oil temperature of the hydraulic system for Plastic Injection Moulding Machine is studied.
Introduction
At present, the main focus of all the manufacturers is to manufacture the products in an optimised way with least cost of production. Keeping this factor in mind, most of the industrialist adapted plastic to replace the metal in the manufacturing process. This modification turns into the huge demand for the plastic processing machines. In markets, although, electrical injection moulding machines are available for the production, the hydraulic machines are more preferred due to their less initial cost and ease of maintenance. In practical manufacturing processes, the actual operating cost of the machine is much higher than the theoretical costs. The actual operating cost of production can be determined more precisely by considering critical factors, i.e., type of material used for plastic processing, hydraulic circuit design, mechanical design, tonnage requirements, etc. One of the most important parameter used in determining the actual operating cost is the viscosity of the hydraulic oil. Effectiveness of the overall system is dependent on the retention of the viscosity over the temperature range and is the major challenge for researchers. On the basis of viscosity, the selection of the adequate hydraulic oil has critical role which depends upon the conditions and the requirements of the system. To select the appropriate VG oil, having a desired viscosity at a known temperature, a graph [13] can be referred as shown in Fig. 1 . From the past literature and survey, it is seen that in India or the Asian countries, VG-68 oil, is most suitable amongst all for hydraulic system for plastic injection moulding machine.
The properties [14] of various viscosity grade oil and comparison between them is listed in a Table 1 , as mentioned below. 
Hydraulic Oil Overheating
It is found that VG-68 has an optimum operating temperature range between 40°C to 50°C, but due the high productivity requirements, poor quality plastic resins selection for finished product and due to use of less effective heat exchangers in Plastic IMM particularly in India during summer, as mentioned earlier VG-68 oil temperature reaches above 55°C, which is not desirable for machine operations. [16] . Every of these circuits cause temperature rise because of pressure drop due to the resistance of the circuit comprising ingredients against fluid flow, the existence of throats (contracting) on the fluid passage and so on while the hydraulic system is working. Since the mentioned circuits have a common pump and reservoir, therefore the heat production in either circuit will affect other ones.The areas of heat generation in plastic injection moulding machine can be easily understood by generating a fishbone diagram, where bones are indicating the causes of heat generation. From the experiments, when the ambient temperature was 39°C, it is founded that some oil passage ports of hydraulic system of Plastic IMM are having temperature of 50°C and above. So it is clearly understood that during summer when ambient temperature reaches above 45°C, the VG-68 oil temperature will be higher than 55°C. From the Table 2 , it is concluded that pump and the thrust unit of the Plastic Injection Moulding Machine are generating the most of the heat. So it is important to reject heat from those areas as much possible to make the system more effective. 
Methods of Heat Transfer Increment
To maintain the oil temperature within 50°C, heat exchangers should not be the only option. It is desirable to find out the ways to maintain the VG-68 oil temperature within 55°C without affecting the cost, the following survey is required for the above mentioned problem.
Simulation of the hydraulic system is essential to find out the heat generation value. However there are lots of Along with length of pipe, internal diameter and external diameter a pipe also plays an important role in effecting the heat transfer rate. The local Nusselt number is increased when Gül et al. [10] increases oscillating frequency. The experimental oscillating generator is not only efficient to enhance the heat transfer in the duct flow but also in a significant pressure drop increase. The exergy loss is decreased with the increase of Reynolds number however exergy loss is affected slightly from the increase of oscillating frequencies. Such type of research is done by lots of researchers [17] , [18] , [19] , [20] and [04] where the researchers used the passive method by inserting twisted tape, screw tape because according tothe recent studies, these are known to be economictool in the field of heat transfer increment. Dewan et al. [19] has reviewed Techniques of heat transfer augmentation such as passive, active and combination of passive and active methods. Heat transfer rate increment in a pipe flow by inserts such as twisted tapes, ribs, wire coils and dimples is mainly due to flow blockage, partitioning of the flow and secondary flow. Manglik et al [20] used twisted tape induced helical swirl flows for enhancement of forced convective heat transfer in single phase and two phase flows. The author presented the heat transfer coefficient and friction factor correlations for both laminar and turbulent regimes, and also highlighted the damping effect of swirl on the transition region. Chowdhuri et al. [21] used a special geometry inside the tube for turbulent flow. The test section of tube is electrically heated, and then the air is allowed to flow as the working fluid through the tube by means of blowers. Same experiment is carried out to determine heat transfer through the same tube without any insert. Comparing the results obtained from these two different sets of experiments, author has found that heat transfer through tubes can be enhanced by using inserts inside the tube up to 9.8 times than tube without insert with turbulent flow.Totala et al. [26] conducted experiments by providing threads in the inner pipe and observed that Nusselt number and heat transfer coefficient were increased for the threaded pipe but at the same time pumping power required also increased compared to the plain tube. These are economical tool for heat transfer increment but pressure drop is noticed which of course is not desirable for inlet ports of hydraulic system of plastic injection moulding machine. For the outlet ports and return channel to the oil reservoir the method is suitable where the pressure drop is not so important.
Another option is to apply the fins over the pipes of the pipeline of the hydraulic system. Khannan et al. [27] studied three different configurations on the outside surface of the outer tube of annular ring, spiral rod and rectangular projection. It was observed by varying mass flow rates that the heat transfer rate was increased for a finned tube and fin with annular ring showed better performance than other methods.
Conclusion and Future Task
For the Indian hot conditions, when the ambient temperature will rise up to 45°C, and the Injection moulding machines operating with heavy load, the oil temperature will rise about 55°C and above and that is not desirable for the machine operation as there will be viscosity retention problem and the proper viscosity is vital for the machine operation. Passive methods for increasing heat transfer rate for hydraulic oil looks promisive, but inserts for pipe has limitation of installation in the machine, due to huge pressure drop. Pipe with surface area extension will be a good choice to increase heat transfer rate. The scope of this review for heat transfer increment is the implementation of techniques on the machine wherever it is possible and find out the results of applicability. However these techniques are also applicable to other applications of machine, whichever is powered by hydraulic oil. 
